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) KOoMNexTHRHLIX fBACHANX B OCHOBHOM COCTOMRAA uiehalep

B MREIEMAARHOM TpUEAMmeHHi mMeroja K-rapmoHik, OMUCHBAIOILEM pa-
(MAamblEnE OOUANTIMAT MHOTORYRICHHOH CHCTOMDL, HCCMEAyeTCs BIAZHME RoGa-
Boupore A —TunepoHs Ha CTPYKTYPY COCHOBHOTG COCTOARME TAMepaipa  Ha
CTPYKTYDY COOTBETCTRYINEr( ALAMANMATHISCKONO SAGpHORG CCTORA. Hoxaza-
HG, YTO 10 SHAMSHRM BHODOME CBA3H A —~HaCTHUBl ¥ 0 M3MEHSHUAM pafuy-—-
COB W KY/IOHOBCKMX DHEDIMA OCTOBE MOMHG HOGMYMHTE HEKOTORYIO b opMaIKIo
o A-N ssapmoneficTeue. [loapobHo aHaMUIUPYETCHA CBASL 2THX MAHEBIX CO
CHEMAEMOC TR0 HASpHOrND BeLECTEA,

PaGora sumonmesa B JaBopatopan TeopeTuieckod juauxa OHAH.

Coobmenne OGBLeAMACHHOrO MHCTHTYTA “UEPHLIX wcCienosawxi, dyGaa 1878

fofka J., Sotona M. Ed - 11682

Gn the Collective Phenomena in Hypernuclear
Ground Scates

In the hyperspherical scheme, pertinent to radial
oscillations, the influence of added A-hyperon on the
structure of hypernuclear ground states of corresponding
doubly magic nuclear cores has been studied. Possible
consequences of values of A-binding energies, radii and
Coulomb energies on A-Ninteraction have been shown. The
relation to the nuclear compressibility has becen analyred,.

The investigation has been performed at the
Laburatory of Theoretical Physics, JINR.
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Substantial increase of interest in hypernuclear
theory encountered in the last few years may be ascribed
nat only to rapidly growing experimental data collection, but
to special properties of strange particles embedded in
matter of nugleons above all. The simplicity due to non-
necessity of antisymmetrization between A and N's and
the location of A in the lowest crbital for the ground state
{GS) makes the problem attractive. At present models Qf
hypernuclear structure serve tao establish a form of A ~ N
low energy potential [1 3 3] and to gain new information
on the nuclear system itself. First, the center-of-mass
motion {CMM)} is to be treated as preoperly as possible in
view of treating preferentially light systems (A & 40).
CMM here may influence density distribution which disterts
the A -nucleus potential in turn, Second, the nuclear core
should be allowed to polarize {to breathe) in the presence
of A -particle. In G5, A particle in the 151)2 orbit
causes radial polarization of the core only. It seenms natural;
when GS hypernuclear description is contempléted. to start
with a model, which is microscopic, but which enables to
pick-up a particular degree of freedom a5 special {e.g.

pertinent te radial polarization).



It is suggestive to employ here the model of hyper-

spharical harmonics (HHM) [4], which appeared useful in the

description of nuclear breathing and nuclear compressibility [5].

" Even when severely truncated, HHM should yield main features
of the A -nusleus potential, of the hypernuclear radial
polarizatica and their relation with M -N interactien properly.
Moreover, when compared with approaches [} T 3] it does not
suffer from CMM wuncertainty and it automatically folds wave
functions of A and N's. It is the aim of this study to
demaonstrate microscupically. how the N-N potential and
especially the compressibility are related to A binding
energy B , and to changes of radii or Coulomb energies: when

A -particle is added.

HHM for nucleons has been already often described
before [4. ﬁ]. When adding A [7]the only change is the use
of Jacobi coordinates for unequal masses (system of (A-1)
nucleons + A ):
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i=f
in eq. (1), D = %ﬂ and the intrinsic kinetic energy is
A
homogeneous in 4 ;. 1= 1, ... A-1, the hyperradius

2
2, 2_ f; has a simple form in ¥, and Ri and all
=1 _
technlcal hints of ref. L4J are legsl. Rewriting total

intrinsic hypernuclear Hamiltonian, it gives just cordinary
HHM equations and when restricting ourselves to the lowest
hyperspherical harmonics 1£k}mh ong is left with a
Schrodinger like equation

L X () A (2
(4532 ) o T . W(j’/x{f} im, lwm"r@ )

3
Mare, the hypsrmomentum X = Knin * 3 (A - 2) includes

the contribution from A and the hyperpotential contains

both Vi and %{N in the usual way:

W) = [g}f OE 4'%4;,. ,w)/ o /w /Wm) (%)

Calculation of W N{f ) requires generalized Moshinsky. brackets

for unequal masses m , # my calculated aceording to ref. [SJ

a
and redefinition of Talmi integrals entering [é] Because 5;
is a difference of Ehind ( Z) and E .. ( Z) Knin
approximaticn should be very good as dlSCUEaBd in [ﬁ]. The same
applies to the changes of radii and Coulomb opnergies.
In order to test the A-HHM model, we have solved
eq. (2) using the same interactions as Rfyat did [3], namely
r

Bl interaction for V¥

17
AD.In spite of the more involved Hartee-Fock scheme, used

= Uk ; At
™ and VAN = Ve Iy for calculating

in E?] s the results are very similar: 8 (HHM) = 18.70 MeV,
B (HF) = 18.73 MeV, JSR(HHM) = 4.2%, JFR(HF) = 4% (for radii,
we howaver use intringic ones). This similarity gives thus

HHM gredit for description of hypernuglsar GS.



., On the first inspection, it may seem that hypernuclear
radisl changes due to A particle added are simply related
to the nuclear compressibility K, which is a measure.cf the
aversge ease to move nucleons radially apart. This is
corroborated by rough model estimates [9], based on the

Fermi gas notion, giving

Fyeme = Vo B, ()4 28, (4)

A cere = (4)
% KA )

where B/\(A) is the binding energy of A -particle in a

system containing (A-1) nucleons. Similar dependence on K

1
‘7D,where

may be traced in Rayet's HF results [3]for A

a Wigner central Van was used,

It is worthwhile to scrutinize closer the behaviour
of nuclear core when A is added. Would a relation similar
to (4) hold independently of VAN it would represent a new
independent possibility of a wmeasurement of K connected up
to now directly to monopole resonances only. If on the other
hand the polarization process is more complicated and depends
“on the interplay of VNN and VAN‘ the regults may give an
additional information on Vs We have employed a set of
effective VNN forces [6], which give reasonable description
of ground stiate properties of all doubly magic nuclei. They
are sums of three Gaussians and they purposely differ in
the nuclear compressibility yielded, K ranging from

150 - 350 MeV, Coulomb interaction has been included. When

studying GS of such hypernuclei as fHe.:l:O; 4,}\'Ca, the tensor
and charge symmetry breaking parts of VAN potentials do not

contribute and in view of constant ratio of thegpin-triplet

and spin-singlet contributions 3 & 1, spin dependence of VAN

should net play very ipportant role'[T]. We shall thus restrict
ourselves to central VAN interactions with Wigner and

Majorana exchanges as defined in refs.‘ESJ and [?J:
. k2
/- Y e

\/Af\l \_i) = (4fﬂ{x - O(x me) 1:);-.1;2\/"& ¢ (5)

Their parameters are given in tab. 1. Some of the resuvlts
of an exact solution of eq. (2) are displayed in tab. 2.
An estimate of the change of the proton radius of nuclei
core is there written only, because for different number
ef protens and neutral baryons ( p's and A ), HHM needs
to approximate {rA- R)2 A-body operator. Results on fHe
have not been included in tab. 2, because Rayet s interaction
ViN does not describe iﬂe well and the comparison with
cases b, ¢ would noi be fair.
There are many hypernuclear features nicely seen in

tab. 2. B daoes not depend strongly on N-N potential for

A
v fixed. In the wide range of K, B , changes by 1 MeV,

AN A
As expected, the stronger is the Majorana component d} .
the faster is the saturation in 8 , . Only Wigner A-H
interaction VaN [Q] compresses nuclear core in approximate
accorcdance with Feshbach reletion (4). This may give a rough
estimate cn the binding of A in infinite nuclear matter,
yielding Bdlw)_v 30 MeV (uaing l:D results) or B, () ~ 45 HeV
{using ﬁSCa results). When however, a Majorana exchange
is switched on (V:N or V:N), nuclear core in presence of A

expands in contrast to eq. (4). Nevertheless, the expansicn

is still approximately inversely propertional to the



compressibility K. Thig expansicn may be understood when
realizing that such V,, potentials are prevailingly repulsive
in relative p~waves and prevailingly attractive in s-waves,
acting thus differently on nuclsons from different shells,
Consequently, the process of radial excitvation of the nuclear

core by A -particle is basicly different from monopole

excitations [5], where all nucleons are uniformly excited

by harmonic liks force. Those radial changes may be further
illustrated by the Coulomb energies E_ (tab. 3). E, can be
calculated sxactly in AHHM (being expectation value of

an intrinsic two-body opsrator). The smaller the value of K
the larger thes changes in Coulomb encrgies due to A-particle
prosence., Moreover, Y Ec is much larger, when Majorana
component is included. Would the radial changes or Coulomb
energy changes be known, tables 2 and 3 may suggest a possibility
to extract an independent estimate on K and dx . More
explicitly,the value and sign of both §E_ and Erz or

(rh- r) indicate pfesence and approximate value of the
Majorana mixture { oy }+ The rate of change of EEC or Jrz
with change of A depends on K as seen in the last two columns
of table 3. Those two examples are, however, only qualitative
and deserve further study. Especially, the range of repulsive
core of VAN may simulate Majorana exchange to some extent,
influencing the compression of the nuclear core. The above
analysis demonstrates usefulness of further studying hyper-
nuclear collective degrees of fresdom by means of models

suited just to a pertinent variable chosen (here hyperradius

ve HHM).

Notation d.,, , Vl day V2 ey Ref.
a 0 -36.3 1.044 0 {al
b -1 ~418.0 1.2 566.6 1. [7]
c -0.9 -418.0 1.2 586 .6 1. {71

FParareters of the AN potential used.

Table 2.
17 . : :
¥) : i
A Ca
Solim) Van o F -
A hTR d"rc BA L Jrh
a 15.28 -0.088 -2.3 25.13 ~0.075 -1.6
150 b 11.09 0.024 2.2 13.70 0,0l9 -1.3
G 14.23 Q.009 1.6 20.03 G.002 G.8
a 15.15 -0.074 -1.7 25,87 -0,060 -1.1
250 b 11.02 0.017 1.9 13.66 0,008 0.9
c i4.21 0.004 1.4 20,04 =Q.004 0.8
8 15,78 -0.059 -1.1 26.75 -0.648 -0.7
350 b 10.38 Q.013 1.8 12.83 €.003 G.8
c 13.77 0.003 T l.4 19.585 -0,007 0.5

HAM  A-binding energies B [Me\.f] , differance of :z and A1z nass ras

radii L [fm]and relative radisl core distortion of proton distributions
P : ® :

due to A added Jrc = (r 2 - rf)/‘[“> E%]for various N-N pctentialstsl,

denoted by thieir K . wvalue.



Talle O,

iE,
17 41 $
K (VNN) V’w AO ACa S.r e
a 0.4 1.0 1.4 Q.3
150 - b -4.1 -1.8 1.7 2.3
< -3.5 -1.3 2 2.7
a -0.1 0.5 1.5 -0,2
250 b ~3.9 -l.4 2.1 2.8
[ -3.3 -1.1 2.3 3
a 0.7 0.2 1.5 -3.5
350 b -3.7 -1.3 2.3 2.8
c -3.3 =1.k 2.8 3

Couln@b energy differencies JEG 2 [Ec(?z) - Ec (A-IZ) ] /AEC(A‘IZJ
in nd rate of redial and ¢ 1 4 r
% end rate of redisl and Coulomb changes: S, = J‘l—c (0)/ J‘,-c (C‘q)}

So- 9E. (01 /5E, (0a).
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